Voyager 2 detected intense whistler mode emissiohs and fluxes of energetic electrons during the outbound pass through the region of auroral L shells. The observed energetic (E > 22 keV) electron distribution, a model warm (E < 27.5 keV) electron distribution, and the cold plasma density profile deduced by Kurth et al. (this issue) are used to calculate the ray path-integrated spatial amplification of whistlers which arrive at Voyager 2 from the magnetic equator. By matching the calculated amplification and the relative gains at different frequencies deduced from the observed whistler power spectrum, the pitch angle anisotropy parameters of the electron distributions are determined to within a fairly narrow range of values. The estimated bounce average pitch angle diffusion 'coefficient indicates that electrons are on strong diffusion over a wide range in energies. The electron precipitation energy flux is sufficient to produce the observed auroral light emissions. 
INTRODUCTION
With the Voyager 2 encounter, Uranus has joined the Earth, Jupiter, and Saturn as planets having magnetospheres with trapped radiation belts and plasma wave turbulence. Krirni•iis et al. [1986] reported intense fluxes of energetic (E > 22 keV) electrons that peaked just after closest approach and remained high within the "classical" auroral L shell region from L = 4.8 to 6-8 (Figures 1 and 2 ). In addition to highfrequency radio emissions, Gurnett et al. [1986] identified whistler mode radiation which occurred as both a steady hiss and, at closest approach, in the form of rising chorus. In Figure 1 , whistler emissions begin near spacecraft event time (SCET) 1500 at frequency f = 560 Hz, increase in frequency as the electron cyclotron frequency fc (=28B, B in nanOteslas) rises toward closest approach, and reach maximum intensity in the frequency band 311 Hz < f < 1 kHz during the interval SCET 2000-2100. Gurnett et al. [1986] remarked that the whistlers should pitch angle scatter energetic electrons and their subsequent precipitation into the Uranian ionosphere might produce the auroral light emissions detected by Broadfoot et al. [1986] .
In this initial analysis of Uranian whistlers we focus on the interval SCET 2000-2100, where the most intense whistlers were detected and where the strongest pitch angle diffusion and auroral precipitation should occur. Section 2 presents high time resolution measurements of both the whistler emissions and the energetic electron fluxes. In section 3, for two specific times during the SCET 2000-2100 interval, we compute the ray path-integrated spatial gain for whistlers that propagate from the magnetic equator to the Voyager 2 location at moderate magnetic latitudes. The whistler gains are calculated using the observed energetic electron distribution (E > 27.5 keV), an inferred warm electron distribution The only free parameters in the gain calculations are the warm and energetic electron anisotropies. We vary the anisotropy parameters until the calculated relative gains at different frequencies match the relative gains deduced from the measured whistler power spectrum. In section 4 we estimate the bounce-averaged electron pitch angle diffusion coefficient and show that the electron fluxes are on strong diffusion over a wide range of energies. The estimated electron precipitation energy flux is sufficient to produce the auroral luminosity measured by Broadfoot et al. [1986] . Hence the spectral density bandwidth corresponds to equatorial resonance with electrons in the energy range 3.4 keV < E R < 11.5 keV; at Voyager the local resonant energy is in the range 17 keV < ER < 44 keV.
AURORAL WAVE-PARTICLE OBSERVATIONS
Although the intensity in the wideband f-t diagram appears to be almost constant, the power spectrum exhibits significant changes on short time scales. Figure 5 shows the superposition of the spectrum in Plate 1 with the two 0.6-s average spectra which immediately precede and follow the Plate 1 spectrum. The high-frequency cutoff near 600 Hz is very steady, but the low-frequency spectral shape and bandwidth are quite variable. The superposed spectra also exhibit a weak emission with peaks near 800 Hz and 1.5 kHz, just below and above the local half cyclotron frequency (,-, 1 kHz) and well above the equatorial half cyclotron frequency.
During the SCET 2000-2100 interval the observed whistlers resonate with electrons over the broad energy range from a few keV to ,-, 100 keV. Unfortunately, during this time, Voyager 2 was within Uranus' shadow, and spacecraft charging complicated the low- 
Whistler Ray Pat hs
In propagating away from the magnetic equator, the whistler wave normal angle undergoes a rapid rotation due to the strong curvature of a dipole magnetic field and gradients in Earlier, we suggested that the impulsive emissions detected before SCET 2030 might be chorus; consequently, the applicability of the quasi-linear theory might be questioned for such structured emissions. lnan [1986] has shown that the precipitation flux induced by an isolated chorus element is in general agreement with the fluxes estimated by quasi-linear theory. Furthermore, since electrons bounce many times before being scattered into the loss cone, their interaction with even isolated chorus elements will have an average diffusive character. Finally, the continuity of the Uranian whistler emissions suggests that they may resemble the Jovian chorus; except for a few isolated cases (which lnan et al. [1983] analyzed) the Jovian chorus elements were temporally tightly packed and even overlapping. For such chorus the quasi-linear estimate of the diffusion coefficient will be quite accurate.
Scattering Times
The pitch angle diffusion coefficient for parallel whistlers can be written as [Coroniti et al., 1980] cation, produce a very narrow band emission (typically A•3 < 0.1). It was the observed relatively broad band spectrum which led us to consider highly oblique propagation.
Discussion
The above gain calculations indicate that the Voyager 2 wave spectra can be explained reasonably well by the spatial amplification of whistlers. Nevertheless, some caution is in order. Changing the electron distributions and/or the cold density profile will result in significant (but probably modest) changes in the best fit anisotropy parameters and the characteristic parameters (•30, $0, L0) of the maximally growing waves. Furthermore, we assumed that the observed wave spectrum was dominated by waves that commenced amplification at the magnetic equator. Although perhaps reasonable for a first attempt, this assumption is undoubtedly an oversimplification, and the actual waves which make up the observed spectrum probably have, a wide range of initial starting locations and complex ray trajectories. Hence our gain calculations are probably best viewed as indicating a general and a broad consistency between the Voyager 2 wave observations and the whistler amplification model.
DIFFUSION LIFETIMES AND PRECIPITATION FLUXES
In the standard whistler turbulence theory [Kennel and Petschek, 1966; Thorne, 1983 ] the stably trapped limit flux is usually obtained by requiring that the wave power exponentiate a few times (typically three) as a wave transits the unstable equatorial region. Since the calculated gains in the previous section are somewhat larger, we should expect that the Uranian electron fluxes are near or on strong diffusion [Kennel, 1969] . In section 4.1 we estimate the whistler pitch angle diffusion coefficient Dot• and the electron scattering times T s. For simplicity, we assume that the observed whistler spec-, trum at Voyager 2 is representative of the wave power spectrum throughout the equatorial region. Since the wave vector spectrum is not known, we further assume that D• is reasonably approximated by the diffusion coefficient for parallel whistlers; thus we ignore diffusion from Landau and higher- Given that the evidence for substormlike injections and rapid radial transport is not conclusive, we should ask whether the precipitation lifetime calculations can be in error. The pitch angle diffusion coefficient depends on the whistler magnetic field spectral density, which is not measured by the Voyager wave instrument. We calculated the whistler magnetic amplitude from the measured electric field spectrum, a step that involves several assumptions:(1) all the E field intensity is due to whistler mode emissions; (2) the E field signals are primarily transverse to the dc magnetic field; and ( Since the ray tracing amplification calculations are reversible as to direction of wave propagation, their success in explaining the observed Voyager E field spectra, and previous experience with whistler emissions, strongly suggest that the whistler wave amplitudes occur throughout the equatorial region. Finally, in order for the calculated scattering lifetimes to imply strong precipitation losses, the diffusion rate must be maintained along the drift and/or radial transport trajectory of an electron for a time comparable to Tmin. If the wave amplitudes and/or the plasma density are spatially inhomogeneous or temporally variable, the actual scattering times could considerably exceed the calculated T s based on local wave measurements. However, the long temporal duration over a ~ 20 ø longitude region of the observed wave activity argues against strong spatial and temporal inhomogeneities. Hence the above considerations suggest that the calculated scattering times are probably reasonable and that the electron precipitation losses were on strong diffusion. A possible interesting consequence of the short whistler scattering times is that low-energy electrons could undergo a significant upward diffusion in energy before being lost to the atmosphere. Kennel [1969] 
